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Abstract 
This paper investigates profit efficiency and optimal production plan in European non-life insurance companies. To 
achieve our goal we have employed the directional output distance function in addition to the Lagrangian function 
that allows the specification of an optimal production plan for each non-life insurance system. At the beginning, 
based on a sample of 175 non-life insurance companies, dispersed in nine European countries over the period 2002-
2008, we have estimated the parameter of our stochastic technology frontier. Then, we have used the Lagrangian 
function and its attached conditions to assess an optimal profit level for each non life insurance system based on the 
market prices of inputs and outputs. From optimal quantity of inputs, desirable outputs and undesirable outputs 
determined in our model we have proposed inefficiency indices for profit and production factors. Our results show 
that owners of European non-life insurance companies are under-paid because these companies have the possibility 
to attain a bigger level of profit efficiency while changing their production plan. While trying to search the sources 
of this profit inefficiency we find that European non life insurance companies sustain additional charges in their 
operating expenses and they have to enhance both equity and debt capitals. 
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1. Introduction 
Traditional production studies aims to identify best production alternatives that make firms more efficient. These 
studies are based on economic theory that considers only efficient production plans from a technical point of view. 
These efficient production plans are illustrated by the firm’s production function and inefficient production plans are 
usually excluded (Fandel, 1991; Leontief, 1951; Cobb and Douglas, 1928). However, the emergence of research 
works based on activity analysis or on input and output correspondences (Shephard, 1970; Hildenbrand, 1966; 
Debreu, 1959; Koopmans, 1951) represents the first steps that deal clearly inefficient production plans. 
Usually, any firm exploits multiple inputs in a transformation process to produce multiple outputs. The key posed 
optimization problem is to find out the best combination of inputs and outputs allowing to the firm attaining their 
objectives subject to their accessible technological knowledge. Any mixture of inputs and outputs is considered as 
technically efficient position if the firm exploits its total capacity of production. So, it cannot increase the production 
of any output quantity without enhancement of at least one used input in the production process. But in some 
particular activity sectors the outputs are divided on two types: desirable outputs and undesirable outputs like claims 
in insurance companies. So, the activity analysis becomes more complicated and sensible, because we cannot rely on 
the traditional objective functions used to minimize cost or to maximize revenue and profit of these companies. 
Indeed, these functions don’t support the presence of undesirable outputs in the production process. Therefore, 
studies based on these functions to investigate technical, cost, revenue or profit efficiency of these exceptional 
industries, particularly for the insurance industry, provide erroneous and biased results. 
More recently, the emergence of the directional output distance function by Färe et al. (2002), which takes 
account of undesirable outputs, provides a best illustration of the production technology of insurance companies. 
Thus the problem of efficiency studies is partially solved for these companies and we can easily assess their 
technical efficiency level. But the problem still remains unresolved and we cannot answer to the question: how we 
can assess cost, revenue and profit efficiency while taking account of the presence of undesirable outputs? 
In this paper, in the first time we will define the technology production referring to the directional output distance 
function. Second, from the estimated frontier we will model efficiency profit while basing on neoclassical approach. 
This modeling allows us to find optimal production plan i.e. determine for each insurance company the optimal 
quantity for each input, desirable output and undesirable output. We apply our model on a sample of 175 non-life 
insurance companies dispersed in nine European countries over the period 2002-2008. 
Our methodology addresses a number of issues concerning profit efficiency and optimal production plan in 
European non-life insurance companies such as: how to assess technical and profit efficiency of non-life insurance 
companies across European countries while taking account the presence of undesirable output? Which is the best 
production plan that must be adapted by the non-life insurance company? How profit efficiency progresses across 
non-life insurance markets and for the whole region? 
The remainder of this paper is decomposed into four sections. Section 2 presents the literature review in which we 
survey some related works focused essentially on the technical and profit efficiency in insurance industry. Section 3 
explains our model and employed tools to measure technical and profit efficiency and defining the optimal 
production plan in European non-life insurance companies. Section 4 examines the empirical implications of our 
model. Finally, section 5 concludes. 
2. Literature Review 
The European market was subjected, in the last fifteen years, to several series of transformation directives due to 
the globalization process allowing the enhancement of the world trade and the borders erasure across countries. 
These directives aim to create a single market that will have a great influence on all economic sectors especially on 
insurance industry. Indeed concerned countries have implemented a widespread deregulation accompanied by a 
harmonization of procedures for determining capital requirements and accounting standards. However, meaningful 
differences between these markets still persist such as difference in institutional settings and differences in income. 
These differences lead to a fierce competition across companies, inducing a more efficient use of productive factors. 
At the beginning companies’ performance is measured by the financial ratios methods like Return On Equity 
(ROE) et Return On Assets (ROA). But the lack of exhaustiveness in these techniques leads to the appearance of 
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new methods named efficiency frontier. These later proved their accuracy compared to the traditional performance 
measurement methods. The improvement of efficiency frontier methods appears on the calculation of the distance 
between each observation and the efficiency frontier instead of the only estimation of a mean function.  This new 
method become very popular and it’s employed in many fields like the erasure of geographic restrictions on 
branching and holding company acquisitions, the evaluation of the special effects of acquisitions and mergers, the 
deregulation of deposit rates, regulatory analysis, the capital regulations, and financial institution performance. The 
success of the efficiency frontier method is achieved on account of its quantitative measurement which allows the 
elimination of the special effects of market prices as well as the other exogenous disturbing factors. 
There are two key approaches to measure firms’ efficiency. First, the parametric approach which is divided in 
three principal methods such as: Stochastic Frontier Approach (SFA); Tick Frontier Approach (TFA) and 
Distribution Free Approach (DFA). Second, the nonparametric approach that includes two main methods: Data 
Envelopment Analyses (DEA) and Free Disposal Hull (FDH). These two approaches are used to estimate one 
common frontier shared by all studied companies. Measured gaps between companies’ production level and the 
estimated frontier are assigned completely or partially to the inefficiency. Recently, a small part of empirical 
investigations are focused on efficiency of insurance companies, compared to other financial institutions, but the 
number of these studies evolves rapidly. Most of these studies are based on a sample of US insurance companies and 
a limited number are interested by European insurance companies due to the unavailability of wanted data. A 
comprehensive investigation was performed by Cummins and Weiss (2000) giving details for the principal sixteen 
studies that pay attention to efficiency in insurance industry before 2000. Noulas et al. (2001) use the data 
envelopment analysis to investigate efficiency for a sample of 16 Greece non-life insurance companies for the 
period 1996-1998. In addition these authors present the current environment and the legal framework in Greece 
characterizing this sector. They conclude that this industry is highly inefficient, with important differences between 
different insurance companies.  Diacon et al. (2002) show large differences between countries when studying 
efficiency and economies of scales on a sample of European life insurance companies. Based on the stochastic 
frontier technique Greene and Dan Segal (2004) investigate cost efficiency and profitability for a sample of 136 US 
life insurance companies for the period 1995-1998. The authors conclude that inefficiency is negatively linked with 
profitability and stock companies are more efficient and profitable then mutual companies. Based on a sample of 
839 Spanish insurance companies Cummins and Rubio-Misas (2006) have estimated technical, allocative and cost 
efficiency using data envelopment analysis and they measure total factor productivity change by the Malmquist 
analysis. Consolidation has a positive effect on both total factor productivity and the number of insurers operating 
with decreasing return to scales. Fenn et al. (2008) have perform a more broadly research on efficiency for a large 
sample of European insurance companies including life, non-life and composite insurers. There results show that 
efficiency scores and volatility of operational cost and profit are meaningfully influenced by the size and market 
share of individual companies. Noting that, most efficiency investigations in insurance industry are focused on 
technical, allocative and cost efficiency.  
However a limited number of research works were interested by studying profit efficiency in insurance industry. 
Generally these works are not limited to study the profit efficiency but they have always included other types of 
efficiency investigation such as cost or technical efficiency. Berger et al. (1997) use a data of 472 US property-
liability insurance companies from 1981 to 1990 to investigate the efficiency of distribution systems. They use the 
DFA technique to estimate cost and profit efficiency in distribution systems. The authors conclude that independent 
agents and direct writers have the same level of profit efficiency by cons the former are less efficient from cost point 
of view. Based on a sample of 684 US insurance companies 1988-1992 Berger et al. (2000) investigate scale and 
scope economies and use SFA and TFA techniques to estimate cost revenue and profit efficiency of these 
companies. Ward (2002) investigates distribution systems for 44 United-Kingdom life insurance companies. He uses 
the SFA technique to estimate cost, revenue and profit efficiency. He shows that firms focusing on one mode of 
distribution are more efficient. Klumpes (2004) has also explored the cost and profit efficiency of distribution 
systems on United-Kingdom insurance industry. Trigo Gamarra and Growitsch (2008) use a sample of 115 Germany 
life insurance companies for the period 1997-2005. They examine cost, profit and scale efficiency of this sample of 
companies. The insurance companies characterized by a single channel of distribution system have recorded scores 
of cost and profit efficiency which are lower than scores recorded by multi-channel insurers. Zanghieri (2008) 
investigates cross-country efficiency of life and non-life insurance companies dispersed in 14 European countries. 
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The author uses SFA technique to estimate cost and profit efficiency. He concludes there is no influence of country-
specific factors on efficiency of life insurers. However these factors can affect meaningfully efficiency of non-life 
insurance companies. 
However as noted in the introduction the insurance companies are characterized by the presence of undesirable 
output in their production process and the previews studies on profit efficiency doesn’t take account of this 
characteristic. So, in the following section we will present our model allowing to measure technical profit efficiency 
while taking account of undesirable output. In addition our model will allow as defining with precision the optimal 
production plan (e.g. giving the optimal quantity level for each input, desirable output and undesirable output). Thus 
we can detect easily efficiency score for each production factor. 
3. Model 
To model the optimal production plan for the insurance companies we must first define the insurance’s 
production technology. In the following bisection we develop the insurance production technology based on the 
directional distance function. Then we model the optimal production plan that maximizes profit from the 
neoclassical approach. 
3.1. Insurance production technology 
Files In this section we first define the production technology on which’s based our model. Shepherd (1953) pioneer 
that represents the firm’s technology production by the radial distance function. Later than, Luenberger work's 
(1992, 1995) provide some new representations of the firm's production technology called the shortage and the 
benefit distance function. Based on these researches’ frameworks chambers et al. (1996, 1998) developed the 
directional technology distance function as a complete characterization for the firm’s technology production. In the 
presence of undesirable (bad) output, in the set put definition, the directional output distance function is the better 
representation of the firm's production technology (Färe et al. (2002, 2005, and 2007); Fukuyama and Weber 
(2008)). 
In this paper we are interested by the insurance sector. Let T the technology production set that allow, for each 
insurance k, to transform a vector of inputs. 1 2( , ,... ) Nnx x x x    to a vector of desirable outputs 1 2( , ,... ) Mmy y y y     and 
a vector of undesirable outputs 1 2( , ,... ) Hhb b b b    . This technology production can be expressed as follow: 
 `^( , , ) :  can produce( , )T x y b x y b{                   (1) 
The directional technology distance function is an extension for Shephard’s radial distance functions (input or 
output orientation), that allows a complete characterization for the firm’s production technology. In the presence of 
bad output it is generally expressed as follow: 
 ^ `( , , ; , , ) max : ( , , )x y b x y bD x y b g g g x g y g b g T : : : : 
&
                (2) 
Where *: seeks, simultaneously, the maximum attainable expansion of good outputs and the maximum attainable 
contraction of inputs and undesirable outputs. The vector ( , , )x y bg g g g  expresses in what direction an observation 
vector, ( , , )x y b T  is adjusted so as to attain the border of the set put at * * *( , , )x y bx g y g b g: : : , where
* ( , , ; , , )x y bD x y b g g g:  
&
. The set put possibilities can be defined from the directional distance function as follow: 
( , , )x y b T  If and only if ( , , ; , , ) 0x y bD x y b g g g t
&
                (3) 
In the case where ( , , ; , , ) 0x y bD x y b g g g  
&
the set put vector ( , , )x y b is located on the border therefore the insurance is 
classified technically efficient. In the other case where ( , , ; , , ) 0x y bD x y b g g g !
&
 the set put vector ( , , )x y b is located below 
the frontier therefore the insurance is technically inefficient. More the distance function takes large values more the 
vector ( , , )x y b is classified inefficient. 
The directional output distance function satisfies many properties detailed by Chambers et al. (1996, 1998). The 
most important is the translation property from which are defined the mathematical constraints. 
( , , ; , , ) ( , , ; , , )        x y b x y b x y bD x y b g g g D x g y g b g g g gE E E E E     
& &
             (4) 
In our model and following Färe et al. (2005) we opt for a quadratic flexible functional form to parameterize the 
directional output distance function. The technology production to be estimated is written as follow: 
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9 Symmetric restrictions 
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9 Economic constraints imposed for the technology production 
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   (8vi)             (8) 
Where ( , , , , , , , , , , )T D E J O F I W G K \ M  is the parameters vector which must be estimated. To ensure that the directional 
output distance function (5) assure the properties of the production technology several constraints must be respected 
(6), (7) and (8). The restrictions in (6) satisfy the symmetry conditions. The mathematical restrictions guarantee the 
translation property (4). In most celebrate research works [……]which use the functional form of the directional 
output distance function reflect only the good outputs maximization and the bad output minimization for a known 
level of inputs. To achieve a realistic characterization of the production technology we redefine the mathematical 
constraints, from the translation property, while ensuring the maximum expansion of good outputs and utmost 
contraction of inputs and undesirable outputs, simultaneously. The conditions imposed by (8) satisfy the economics 
constraints. The restriction (8ii) imply that each producer operate on, or below, the technology production frontier. 
The restrictions (8ii), (8iii) and (8vi) reflect that the monotonicity conditions assumed by the economic theory on the 
firm’s technology production. The restriction (8ii) ensures the strong disposability of good outputs. 
Two ways to estimate the parameters of the objective function (5) either the linear programming proposed by 
Aigner and Chu’s (1968) or the stochastic frontier technique proposed by Aigner, Lovell and Schmidt (1977) and 
Meeusen and Vanden-Broek (1977). The econometric approaches represent some advantages over the linear 
programming approach. Among other the stochastic approach make us an appropriate treatment of error terms and 
random shocks. Also this approach allows us to examine several statistical hypotheses like the significance of the 
estimated parameters. To estimate our technology production (5) we opt for an econometric specification proposed 
by Färe et al. (2005) and it takes the following form: 
( , , ; , , , , ) 0kx y bD x y b g g g t T H  
&                   (9) 
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Where kH a compound error term depicted as follows: 
k k k
t tH P X                    (10) 
In equation (10), the two sided error component 2(0, )
iid
k
t N XX V  represents the usual random noise found in any 
econometric estimation. While the one sided error term 2(0, )
iid
k
t N PP V , half normally distributed and represents the 
technical inefficiency. The distribution of this term supposed to be independent of ktX . 
We opt, like the most previews researches that use directional distance function, for the following directional 
vector ( , , ) (1,1,1)x y bg g g  , because that allows the maximum unit expansion of good outputs and unit contraction of 
bad outputs and inputs. 
3.2. Optimal production plan from the neoclassical theory 
After defining the production technology function, we consider the equilibrium conditions for insurance industry 
decisions while taking into account the production constraints. In particular, we focus on the determination of the 
insurance’s optimal output plan while referring to the profit function. 
Let3  the profit function, it’s usually defined as follow: 
1 1 1
m n h
M N H
y x bn hm
m n h
y x bP P P
   
3   ¦ ¦ ¦                 (11) 
Where 1 2( , ... )
N
nx x x x     the input vector, nxP (n=1,2…N) the input prices, 1 2( , ... ) Mmy y y y    the desirable 
output vector,
myP (m=1,2…M) the desirable output prices, 1 2( , ... ) Hhb b b b    the undesirable output vector and hbP  
(h=1,2…H) the undesirable output prices. 
From the neoclassical theory of the firm, the profit3 , is maximized subject to the production technologyT . Since 
the directional output distance function allows a complete characterization for the insurance’s production technology 
then the maximization profit program can be written as follow: 
1 1 1
max
m n h
M N H
y x bn hm
m n h
y x bP P P
   
3   ¦ ¦ ¦                (12) 
Subject to: 
( , , ; , , ) 0x y bD x y b g g g  
&
 
To state the insurance’s optimal production plan we use the Lagrangian function expressed as follow: 
( , , ; , , )x y bL D x y b g g gO 3 
&
                 (13) 
Replacing the profit and the directional output distance function by their expressions, the Lagrange function is 
written as follow: 
0 ' ' ' '
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Where O is a Lagrarange multiplier linked with the restriction ( , , ; , , ) 0x y bD x y b g g g  & . 
While referring to Karuch-Kuhn-Tucker theorem of non linear programming, insurance’s optimal production 
plan must satisfy the following conditions: 
* ( , , ; , , ) 0             1,....,
m
x y b
y
m m
D x y b g g gL m M
y yP O
ww      
w w
&
    (15i) 
* ( , , ; , , ) 0               1,....,
h
x y b
b
h h
D x y b g g gL h H
b bP O
ww      
w w
&
    (15ii) 
* ( , , ; , , ) 0                1,....,
n
x y b
x
n n
D x y b g g gL n N
x xP O
ww      
w w
&
    (15iii) 
( , , ; , , ) 0x y b
L D x y b g g g
O
w   
w
&
       (15vi)           (15) 
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Where the derivatives ( , , ; , , )x y b
m
D x y b g g g
y
w
w
&
, ( , , ; , , )x y b
h
D x y b g g g
b
w
w
&
and ( , , ; , , )x y b
n
D x y b g g g
x
w
w
&
, related respectively to desirable 
outputs, undesirable outputs and inputs, are evaluated at^ `* * * *, , ,h nmy b x O . When such an optimal plan exists, it is the 
single optimal solution by the supposition of strict convexity of the technology production function
( , , ; , , ) 0x y bD x y b g g g  
& . The H M N  first order conditions express the equality between the marginal profitability of 
each output or input and its price. The Lagrange multiplier represents the insurance's profit change corresponding to 
a change in its production plan. 
The resolution of 1H M N    equations (15) allows us to express the Lagrange multiplier *O  and the optimal 
levels of inputs, desirable and undesirable outputs ** *, ,n hmyx b , respectively, in function of the prices and estimated 
parameters of the production technology. 
1 1 1
* ( ... , ... , ... , )          1,....,
N M Hx x y y b bn
f n Nx P P P P P P T       (16i) 
1 1 1
*
( ... , ... , ... , )         1,....,
N M Hx x y y b bm
f m My P P P P P P T       (16ii) 
1 1 1
* ( ... , ... , ... , )          1,....,
N M Hx x y y b bh
f h Hb P P P P P P T       (16iii) 
1 1 1
* ( ... , ... , ... , )
N M Hx x y y b b
f P P P P P PO T       (16vi)           (16) 
We must note that the optimal inputs levels *nx  expressed in our model to maximize profit but not necessarily 
these same inputs levels allow us to reach the insurance's minimum cost. The maximum profit *3  that can be 
realized by each insurance company is expressed as follows: 
* * * *
h
1 1 1
b
m n h
M N H
m ny x b
m n h
y xP P P
   
3   ¦ ¦ ¦                 (17) 
From the equation (11) and (17) the profit efficiency\ can be expressed as follows: 
*
\ 3 3 
3
                  (18) 
4. Empirical Implications 
This section is divided into three parts. The first subsection embodied to define inputs and outputs variables and 
their corresponding prices. The second subsection represents the used dataset and information resources. Finally, the 
last subsection is conserved for results and interpretations. 
4.1. Insurance production technology 
The Single Market Program has intensified pressure on price competition between European insurance 
companies. So, European insurers seek to use optimally their resources to insure its competitiveness, its survival and 
its profitability. In this study we will apply our model on a sample of 175 European non-life insurance companies 
dispersed in nine countries (United-Kingdom, Sweden, Denmark, Belgium, Netherlands, French, Spain, Italy and 
Germany). At the beginning we use the “Thomson ONE Banker” database to download a list of European non-life 
insurance companies published and their corresponding information. Then we create our sample information 
referring to annual reports published by these insurance companies in their official websites. 
4.2. Variables definitions 
There is a wide theoretical debate regarding the definition of inputs and outputs in financial institutions where 
most outputs are intangible and particularly for insurance companies. In addition several basic data are unavailable 
like number of employees and worked hours... we will define, for our sample of European non-life insurance 
companies, inputs and outputs variables and their corresponding prices based on existing theory. 
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Inputs and inputs’ prices
There is a well-known agreement in most previous research work as regards the inputs definition (Cummins et 
al., 2004). In this chapter we use three inputs. First, net operating expenses, noted 1( )ktx , that represent a proxy to 
business services, labor force, used materials and products distribution. Most studies consider that the majority of 
operating expenses in insurance industry are due to commissions and employees' salaries and the remainder is 
considered as the physical capital presented by the business services and materials (Elign and Luhnen (2010), 
Cummins and Weiss (2000)). Although operating expenses includes labor and business services, most studies use 
only the labor prices, also called wage variable, as the price of operating expenses as whole. This suggestion is 
explained by the dominance of employee salaries and commissions on operating expenses for insurance industry 
(Fenn et al. (2008), Elign and Luhnen (2010)). In our investigation we collect this information from several national 
or international statistical institutes, namely: the International Labor Organization (ILO), Eurostat,  the Instituto 
Nacional de Estadística (INE) in Spain, and Institut national de la statistique et des études économiques (INSEE) in 
France. 
The second used input is equity capital and reserves, noted 2( )ktx , this variable includes any balance sheet item in 
relation with shareholders’ capital or reserves (minority interests, participating rights capital…). The well known 
approach to measure the price or the cost of equity capital is the return on equity based on market value. 
Nevertheless most insurers are not publicly traded so used sample size will be restricted. To overcome these 
problems, some studies use the yearly total return rate corresponding to the stock exchange index of each country 
(Elign and Luhnen (2010)). 
Finally, the financial debt capital, noted 3( )ktx , includes all funds borrowed from creditors. There is no consensus 
on the definition of the debt capital price but the most used proxy of this variable is the one-year treasury-bill rates 
that can be extracted from different national and international statistical institute (Fenn et al. (2008), Elign and 
Luhnen (2010)). 
Outputs and outputs’ prices
Choosing the appropriate approach to specify outputs for insurance companies has been the subject of a great 
theoretical debate. Previous literature review distinguishes between two key approaches, namely, the intermediation 
approach and the value added approach. The first approach considers insurance companies as pure financial 
intermediaries. Under this approach the insurer’s activities is divide into three steps. First, the insurer collects funds 
from policyholders. Second, he pays out claims and all other additional loads. Finally, he invests the remaining 
funds in capital market.  
The second approach considers output as significant if it contributes a substantial added value (Berger et al., 
2000). This approach divides services provided by non life insurance companies into three principal groups. At the 
beginning, through pooling mechanism, insurance company provides a risk reduction service for insurable 
contingencies of businesses and consumers, this service is called Risk-pooling and risk-bearing. Then, a wide 
diversity of real services are provided by insurance companies for policyholders, this service is generally called  
Real financial services relating to insured losses. Finally, insurers collect funds from annuities and insurance 
policies and invest them until they are removed by policyholders or used to reward claims; this service is named as 
intermediation. Most research works based on efficiency of insurance companies consider the intermediation 
approach as inappropriate method and the value added approach is the most suitable to identify outputs (Berger, 
Demsetz, and Strahan (1999); Cummins and Weiss, (2000)). 
In this paper we follow Berger et al. (1997) and Cummins and Weiss (2000) to define ouputs’ proxies. The first 
output proxy is losses incurred. This proxy represents the total expected losses amount that must be distributed by 
the insurance company as a consequence of providing insurance coverage for a given time period. However, when 
considering net incurred claims plus additions to reserves as output, this latter must be maximized in efficiency 
analysis. This paradox represents the main drawback of this approach. To resolve this problem, we use the 
directional output distance function technique. So in our chapter, we will consider the net incurred claims plus 
additions to reserves, noted ( )ktb  , as undesirable output and will be minimized. The second output defined by these 
research works is the investment that represents a proxy of the intermediation output. So, in our investigation the 
total investment (surplus) express the first desirable output noted 1( )kty . 
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Most studies which use these outputs define the insurance output price as the earned premiums less the present 
value of losses incurred the whole divided by the last variable. However, the intermediation output price is defined 
by the expected return rate on insurance company assets. Return rates of the boiled portfolio by the company are 
defined as a weighted average of equity returns and the debt. 
Table 1 presents descriptive statistics, the mean and the standard deviation, of above defined variables by country 
over the period 2002-2008. 
Table 1.Descriptive statistics of variables by country. 
  U-K Swe Den Bel Neth Fr Sp Ita Ger 
Inputs 
1( )
k
tx  
Mean 315,31 49,486 30,696 333,797 77,809 929,481 99,313 102,698 108,893 
S.D. 314,439 37,202 28,651 239,581 106,833 1 141,03 81,007 108,16 105,809 
2( )
k
tx  
Mean 752,539 2 778,86 54,779 629,632 66,475 22 303,06 432,836 38,894 348,53 
S.D. 519,46 2 876,25 84,846 581,739 104,566 35 856,52 475,381 45,757 396,641 
3( )
k
tx  
Mean 653,017 1 776,39 301,323 743,71 173,241 2 490,92 216,772 28,238 231,587 
S.D. 535,933 2 138,42 375,221 497,091 247,307 2 825,76 202,927 32,395 254,532 
Inputs’ prices 
1( )
k
xP  
Mean 0,0284 0,0284 0,0360 0,0173 0,0289 0,0459 0,0297 0,0203 0,0284 
S.D. 0,0010 0,0017 0,0040 0,0008 0,0017 0,0031 0,0017 0,0007 0,0008 
2( )
k
xP  
Mean 0,0763 0,1492 0,1285 0,2066 0,0720 0,0807 0,1218 0,3296 0,1616 
S.D. 0,0536 0,1278 0,1061 0,1450 0,0730 0,0743 0,1170 0,3641 0,1181 
3( )
k
xP  
Mean 0,0441 0,0313 0,0325 0,0299 0,0290 0,0301 0,0287 0,0301 0,0281 
S.D. 0,0044 0,0071 0,0034 0,0068 0,0066 0,0068 0,0061 0,0028 0,0028 
Outputs 
( )kty  
Mean 2 241,30 8 645,74 2 871,74 6 098,80 252,611 25 549,76 1 725,24 101,225 3 239,45 
S.D. 1 482,40 8 210,86 4 830,80 6 204,66 309,159 34 434,26 2 070,11 124,262 4 041,19 
( )ktb  
Mean 493,111 484,136 210,04 1 255,70 113,85 3 843,42 266,56 83,285 346,665 
S.D. 338,344 384,547 313,25 1 326,23 141,965 4 828,09 257,556 56,33 371,499 
Outputs’ prices 
( )kyP  
Mean 0,0595 0,0908 0,0913 0,1229 0,0554 0,0566 0,2224 0,2229 0,0914 
S.D. 0,0251 0,0602 0,0649 0,0758 0,0421 0,0374 0,3039 0,3078 0,0551 
( )kbP  
Mean 0,5923 0,2548 0,1845 0,4744 0,4749 0,2700 0,4190 0,6785 0,6569 
S.D. 0,1008 0,0694 0,1636 0,0647 0,0780 0,1065 0,1102 0,0491 0,0781 
Notes: The table reports the mean and the cross-sectional standard deviation (SD) of each variable by country. Different 
notations used in the table are defined as follows: x1= Operating expenses; x2= Equity capital and reserves; x3= Financial 
debt capital; b = Incurred claims plus additions to reserves; y= Total investment (surplus). All these variables are expressed 
on € million. Px1= Price of operating expenses; Px2= Price of equity capital and reserves; Px3= Price of financial debt capital; 
Pb = Price of incurred claims plus additions to reserves; Py= Price of total investment (surplus). 
4.3. Results and interpretations 
In this subsection we apply our developed model and trying to interpret achieved results from a financial and 
economic point of view. Our results are divided into three parts: first part concerns the technology frontier 
estimation, the second part is allowed to interpret obtained profit inefficiency scores, and finally the last part is 
focused on inefficiency scores attributed to production factors. 
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Frontier Estimation
Table 2 presents the estimated parameters of technology frontier defined by equation (4). This directional output 
distance function is estimated while taking account of symmetric restrictions, mathematical constraint imposed by 
the translation property and economic constraints. As previously mentioned, we use the maximum likelihood 
technique for the estimation of the directional output distance function, and the one-sided error term is supposed to 
be independently and identically distributed. The result of the one-sided generalized likelihood ratio test is LR=842. 
From an econometric point of view this result indicates that the model is statistically significant. In other hand from 
an economic point of view this result confirms the importance of technical inefficiency effects. From the same table 
we show that first order estimated coefficients of inputs and outputs have the expected values regarding economic 
behavior. The estimated parameters of the stochastic directional output distance function validate that most of the 
maximum likelihood coefficients are statistically significant. The majority of variables are significant at the 1 to 
10% levels. Using the estimated parameters in Table 2, we verify that resulting directional output distance function 
ensures the convexity conditions on inputs and concavity conditions on outputs for most observations. 
 
Table 2.Frontier estimation. 
 Par. Par. Est. SD  Par. Par. Est. SD 
c Į0 6,31E-01 7,02E-02 x2*x3 Į23 4,88E-03 6,33E-03 
x1 Į1 -2,01E-01 2,99E-02 x2*b1 Ȥ21 -7,20E-02 6,58E-03 
x2 Į2 5,15E-01 3,16E-02 x2*y1 ܵ12 -5,96E-02 8,47E-03 
x3 Į3 -1,66E-02 2,36E-02 X2*t ȥ2 -4,25E-04 2,72E-03 
b1 Ȝ1 1,22E-01 2,77E-02 X3*X3 Į33 1,60E-03 2,36E-03 
y1 ȕ1 -5,80E-01 2,71E-02 X3*b1 Ȥ31 3,59E-02 7,06E-03 
t į1 -2,94E-04 1,86E-02 X3*Y1 ܵ13 5,64E-03 5,55E-03 
x1*x1 Į11 6,78E-03 5,07E-03 X3*t ȥ3 1,78E-03 2,52E-03 
x1*x2 Į12 1,75E-02 7,20E-03 b1*b1 Ĳ11 -3,23E-02 3,20E-03 
x1*x3 Į13 -6,44E-02 6,05E-03 b1*Y1 ബ11 3,86E-02 8,49E-03 
x1*b1 Ȥ11 3,50E-02 1,00E-02 b1*t Ɏ1 -1,63E-03 1,27E-03 
x1*y1 ܵ11 4,60E-02 1,11E-02 Y1*Y1 ȕ11 3,07E-02 3,77E-03 
x1*t ȥ1 -1,23E-04 2,52E-03 Y1*t Ș1 -3,99E-04 1,18E-03 
x2*x2 Į22 2,68E-02 2,54E-03 t*t į11 -1,02E-03 2,08E-03 
LR=842 
Notes: This table presents the estimated parameters and the standard deviation for each one of the estimated 
directional output distance function. Different notations used in the table are defined as follows: x1= Operating 
expenses; x2= Equity capital and reserves; x3= Financial debt capital; x4= Technical provisions; b = Incurred 
claims plus additions to reserves; y1= Total investment (surplus); y2=reinsurance reserves; t = trend time 
variable that explains technical progress; LR: the one-sided generalized likelihood ratio; Par.: estimated 
parameters. 
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Profit Inefficiency 
Profit efficiency is an economic concept providing information regarding the optimal balanced level of profit for 
a given prices of production factors. A higher level of profit with respect to the optimal level means that the capital 
owners are over-paid at the detriment of other stakeholders’ profitability. However, a lower level of profit with 
respect to the optimal level means that the capital owners are under-paid. In this case, such industries have risk 
losing a great part of capitals because owners will search alternative investments characterized by greater returns. 
So, industries characterized by inefficient profitability have to pay the minimum required profits to the capital 
owners in order to preserve the optimal level of capital investment. 
In our study, the average profit inefficiency scores of various European non-life insurance companies from 2002 
to 2008 are illustrated in Table 3. Achieved results show that the average of profit efficiency scores of European 
non-life insurance companies is 54.05%. This result indicates that our sample of insurance companies can achieves a 
bigger profit efficiency level by changing their production plan. So, in this case capital owners of European non-life 
insurance companies are under-paid. Thus, the non-life insurance companies in European countries run the risk of 
losing capital because capital owners will seek investing in more profitable industries allowing the preservation of 
the minimum required return on equity. Insurance industry which reached the highest profit efficiency score is that 
of French with an average inefficiency of 29.70% followed by Denmark and Belgium with an average of profit 
inefficiency scores about 37.19% and 37.55% respectively. However, the most inefficient non-life insurance 
systems in the profit issue are that of Spain, Italy and Germany with an average of profit inefficiency scores about 
54.47%, 59.18% and 62.97%, respectively. In the Table 3 the standard deviation indicates the homogeneity of profit 
efficiency in the same industry. We remark from this table that most insurance markets are homogeneous except for 
Sweden, Spain and French insurance markets the heterogeneity is relatively highest. The European non-life 
insurance companies are invited to enhance their profitability to attain the threshold of minimum required profits by 
capital owners. 
Table 3. Profit inefficiency by country. 
  2002 2003 2004 2005 2006 2007 2008 02-08 
U-K Mean 0,2894 0,6402 0,6155 0,5313 0,5954 0,5892 0,3288 0,5128 
S.D. 0,0101 0,0072 0,0111 0,0064 0,0127 0,0461 0,0208 0,1164 
Swe 
Mean 0,6739 0,4747 0,3391 0,6377 0,4410 0,2429 0,1812 0,4272 
S.D. 0,0370 0,0220 0,0207 0,0115 0,0181 0,0303 0,0365 0,1481 
Den 
Mean 0,2572 0,3161 0,3414 0,4897 0,2828 0,3523 0,5638 0,3719 
S.D. 0,0570 0,0712 0,0799 0,0570 0,0703 0,0650 0,0412 0,0885 
Bel 
Mean 0,3309 0,3964 0,2106 0,2576 0,3105 0,4912 0,6314 0,3755 
S.D. 0,0690 0,0753 0,0818 0,0511 0,1000 0,1004 0,0200 0,1121 
Neth 
Mean 0,3731 0,5243 0,2429 0,3524 0,3700 0,4489 0,3811 0,3847 
S.D. 0,0530 0,0467 0,0548 0,0631 0,0563 0,0418 0,0534 0,0583 
Fr 
Mean 0,1488 0,2464 0,3393 0,2101 0,1173 0,6338 0,3835 0,2970 
S.D. 0,0557 0,0441 0,0624 0,0365 0,0695 0,1320 0,1757 0,1330 
Sp 
Mean 0,6301 0,6801 0,6799 0,6775 0,3660 0,2631 0,5163 0,5447 
S.D. 0,0180 0,0210 0,0015 0,0140 0,0429 0,0489 0,0330 0,1396 
Ita 
Mean 0,5613 0,6000 0,6410 0,4333 0,5969 0,6952 0,6148 0,5918 
S.D. 0,0014 0,0172 0,0107 0,0122 0,0103 0,0136 0,0091 0,0540 
Ger 
Mean 0,6761 0,6414 0,6708 0,6832 0,6064 0,6940 0,4360 0,6297 
S.D. 0,0318 0,0368 0,0338 0,0245 0,0175 0,0298 0,0380 0,0620 
Notes: This table reports a comparison of means and the cross-sectional standard deviations (SD) of estimated profit 
inefficiency scores for each country throughout the studied period. 
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5. Conclusion 
In this paper we have trying to investigate profit efficiency and optimal production plan in European non-life 
insurance companies. To achieve our goal we have employed the directional output distance function that represents 
a generalization of the radial distance function in addition to the Lagrangian function that allows the specification of 
an optimal production plan for each non-life insurance system. At the beginning, based on a sample of 175 non-life 
insurance companies, dispersed in nine European countries over the period 2002-2008, we have estimated the 
parameter of our stochastic technology frontier. Then, we have used the Lagrangian function and its attached 
conditions to assess an optimal profit level for each non life insurance system based on the market prices of inputs 
and outputs. From optimal quantity of inputs, desirable outputs and undesirable outputs determined in our model we 
have proposed inefficiency indices for profit and production factors (inputs and outputs). 
Our results show that owners of European non-life insurance companies are under-paid because these companies 
have the possibility to attain a bigger level of profit efficiency while changing their production plan. Thus, these 
companies are in dangerous situation because they run the risk of losing of losing capital because capital owners will 
seek investing in more profitable industries allowing the preservation of the minimum required return on equity. 
While trying to search the sources of this profit inefficiency we find that European non life insurance companies 
sustain additional charges in their operating expenses. So, they have to minimize their expenditures to reach the 
optimal level of operating expenses. In addition, our results show that there is an under-investment and they have to 
enhance both equity and debt capitals. In this case a great probability that these companies suffer of a negative 
working capital that means that these companies finance their non-current assets with unstable resources. However 
while treating desirable output (total investment) we show that European non-life insurance companies are invited to 
enhance the amount devoted to investments. This will improve financial product of European non-life insurance 
companies and helping them to achieve the efficient level of profit. Finally the European non-life insurance 
companies are in average stated under the optimal level for the undesirable output. In our case this result is not a 
good sign, because our sample of European non life insurance companies suffers in average of an under-investment 
in equity capital and they may have more debts. These companies can provide supplementary insurance services to a 
more large range of customers. 
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